The kinetics of copper(II), nickel(II) and zinc(II) catalyzed oxidation of L-lysine by potassium permanganate in alkaline medium were studied spectrophotometrically. The reaction is first order with respect to [oxidant], [substrate] and [alkali] respectively. The results suggests the formation of a complex between the amino acid and lysine and the hydroxylated species of copper(II), nickel(II) and zinc(II). The reaction constants involved in the mechanism and the activation parameters have been calculated. The reactivity order of the catalyst is Cu(II) > Ni(II) > Zn(II).
Introduction
The oxidation of organic compounds by permanganate ion depends on the nature of the substrate, the reactive species have the main role as the potential oxidant depending on the alkalinity of media. Among the six oxidation states of manganese (+2 to +7) permanganate Mn(VII) is the most potent oxidation state in acid as well as in alkaline medium [1] [2] [3] . The mechanism by which the multivalent oxidant oxidizes substrate depends not only on the substrate but also on the medium 4 used for the study. In strongly alkaline medium, the stable reduction products 5, 6 of the permanganate ion (MnO 4 -) is manganate ion (MnO 4
2-
). No mechanistic information is suitable to distinguish between a direct one-electron reduction to Mn(VI) and a mechanism, in which a hypomanganate is formed in a two electron reduction followed by rapid oxidation of the hypomanganate ion 7 . Studies of amino acids become important because of their biological significance and selectivity toward the oxidants and their ability to yield different products.
The substrate L-lysine is a necessary building block for all protein in the body. L-lysine plays a major role in calcium absorption and maintaining the correct nitrogen balance in the RESEARCH ARTICLE body and maintaining lean body mass. L-lysine is a basic amino acid and carries a +ve charge. In view of this, we undertook a study of the oxidation of L-lysine by KMnO 4 in alkaline medium and also we compared uncatalysed and catalyzed reactions.
Experimental
Stock solution of L-lysine was prepared by dissolving the appropriate amount of sample in doubly distilled water. 
Kinetic studies
Kinetic procedure followed as given in our earlier paper 10 ), ionic strength (0.50 mol dm -3 ). The reaction was initiated by previously mixed thermally equilibrated solution of of MnO 4 -, Cu(II)/ Ni(II)/ Zn(II) and L-lysine and required quantities of sodium hydroxide and sodium perchlorate at difference temperature ranges (273K -308K).
The reaction was followed by monitoring the decrease in absorbance with time at 525 nm in Systronic UV-Vis spectrophotometer. The first order constants (k obs ) were evaluated from the relationship.
ln I(A t -A ∞ )I = ln I(A 0 -A ∞ )I -(k obs ).t Where A 0 , At, A ∞ denote optical density of the reaction at zero time, time't' and infinite time respectively. A ∞ was measured after completion of the reaction. The correlation coefficients of plots used to determine (k obs ) were found to be 0.99 in most of the cases.
Stoichiometry
The reaction mixtures containing an excess of potassium permanganate over L-lysine (NH 2 -(CH 2 ) 4 -CH(NH 2 )-COOH) and 0.05 mol dm -3 sodium hydroxide at a constant ionic strength of 0.5 mol dm -3 was allowed to react for 2 h at 298 K under inert atmosphere.
The results showed that two moles of MnO 4 -were consumed by one mole of L-lysine. The main reaction products were identified as corresponding acetaldehyde 11 by boiling point, spot test and ammonia 12a by Nessler's reagent and manganate by its visible spectra. CO 2 was qualitatively detected by lime water test 12b . The product aldehyde was quantitatively estimated to about 78% which is evidenced by its 2, 4 DNP derivative. The nature of the aldehyde was confirmed by its IR spectrum carbonyl stretching at 1729 cm -1 and a band at 2929 cm -1 due to the aldehydic C-H stretching and a band at 3435 cm -1 indicating the presence of NH 2 group 13 ( Figure 1 ). This product 5-amino pentanal from L-lysine is also confirmed from the literature survey. The kinetic studies on the oxidation of L-lysine are somewhat limited, using oxidants like manganese triacetate Mn(OAc) 3 14a , diperiodato argentite(III) [DPA] 14b , diperiodato cuprate(III) [DPC] 14c . In most of the studies 5-amino pentanal was found to be the product of oxidation of L-lysine. The stoichiometry of the reaction under kinetic study is ]. M(II) forms two complexes as shown in Scheme 1. The values of K 1 and K 2 are calculated which are very close to reported value 13 .
The rate constant (k obs ) increased with increase in [alkali] and the order in the catalysts Cu(II), Ni(II) and Zn(II) were found to be unity. Under the conditions used the reaction rate of Cu(II) is more than that of Ni(II) which is compared to be more than Zn(II) (Table1). ) for different temperatures. The energy of activation corresponding to these constants was evaluated from the plot of log k versus 1/T from which the activation parameters were calculated (Table 2) . A comparison of these values indicate that Cu(II) is more reactive as compared to Ni(II) and Zn(II) is less reactive as compared to Ni(II). Permanganate ion is a powerful oxidant in an aqueous alkaline medium. As it exhibits many oxidation states, the stoichiometric results play an important role. Under the prevailing experimental conditions at pH >12, the reaction product of manganese(VII) is stable and further reduction of manganese (VI) might be stopped. The UV-Vis 2202 spectrophotometer Chem Sci Trans., 2013, 2(1), 51-60 57 studies have shown that at pH > 12, the product of manganese(VII) is manganese(VI) and no further reduction was observed as reported 7 . However on prolonged standing, green manganese (VI) is reduced to manganese (IV) under our experimental conditions. It is known that in aqueous solution, amino acid exists in zwitterionic 15 , whereas in aqueous alkaline medium it exists as anionic form according to the following equilibria. RCH (NH 2 ) COOH RCH(NH 3 ) 
Mechanism of the reaction
Mechanism of the reaction shown in Scheme 1 (4)
Scheme 1
The reaction between permanganate and L-lysine under study in alkaline medium has a 2:1 stoichiometry with a first order dependence on both the [ From the slopes and intercepts of such plots, K 1 , the equilibrium constant for the formation of alkaline species of the oxidant, K 2 , the formation constant of the complex between the catalyst and the substrate and k, the rate constant of the rate limiting step are calculated at different temperatures. From the rate constant values, the activation parameters were calculated.
The moderate values of ΔΗ # & ΔS # favours electron transfer processes. The ΔΗ # value was due to release of energy of solution changes in the transition state. The negative ΔS # within the range found for free radical reactions have been ascribed 20 to the nature of the electron pairing and electron unpairing process and to the loss of a degree of freedom, formerly available to reactions on the formation of a rigid transition state.
Acceleration of the rate of oxidation reaction by using the catalysts Cu (II), Ni(II) & Zn(II) due to reduce in their activation parameter and it is observed that the order of the reactivity is Cu (II) > Ni(II) > Zn(II). Copper is most effective catalyst because its activation parameter is reduced to greater extent.
The difference in the activation parameters for the catalysts Cu (II), Ni(II) & Zn(II) explains that Cu(II) is more reactive as compared to Ni(II) and Zn(II) is less reactive as compared to Ni(II).
It is also interesting to note that the oxidant species [MnO 4 -] required the pH > 12, as below this the reaction will proceed further to give Mn(IV), the reaction mixture slowly developing yellow turbidity. Thus, it becomes apparent that in carrying out this reaction the role of pH in the reaction medium is crucial.
